Introduction
Road safety lies at the heart of several and critical issues. Road accidents create serious consequences, in both economic and public health levels. These include loss of productive capacity and income or human resources following a road accident. If we add to this the damage to property, medical care and related rehabilitation, the burden resulting from road accidents quickly becomes considerable.
Globally, the cost of traffic accidents represents 1-3% of the gross national product of countries and road accidents would rank as the fifth leading cause of death by 2030 if no significant progress in terms of road safety rapidly occurs (WHO, 2009 ).
Aware of these issues, most of the European countries have achieved significant progress in this area over the years, especially within the European Union since the White Paper on European transport policy 4 and, since 2002 in France, when road safety has been set up as a major national cause.
The decrease of the number of people injured and killed on the roads in recent decades partly reflects the effectiveness of the implemented measures. It is important to keep in mind that road safety devices represent a significant financial burden on the government budget as well as household budgets. This last consideration certainly explains the recent interest of policy decision-makers in tools of assessment and prioritisation of both transport and infrastructure projects. Such tools particularly suppose the monetary quantification of the benefits associated with road safety measures.
Basically, the economic assessment of road safety devices raises the problem of the valuation methods used. If the estimation of the damages avoided by the introduction of a road safety measure is relatively easy and explicit, the valuation of risk reductions on health and human life that it generates is more delicate. An extensive literature has examined this issue and tried to estimate the value associated with a reduced risk of injury, whether mild or fatal, resulting from a road accident. Since the 1980s, an important step was made on the monetary valuation method to use.
The somewhat controversial human capital approach (Arthur, 1981; Jeremic et al., 2012; Jones-Lee and Loomes, 2003) has been gradually abandoned. This method had significant limitations because it only aimed to estimate the damages (dead or injured) according to their unique economic impact, that is to say, mainly in terms of loss of production. The intrinsic value of the damage and the suffering resulting from the injury or the loss of a human life was completely hidden. It is from this observation that a focusing approach appeared on individual preferences and perceptions; the method of the willingness to pay (WTP) (Mishan, 1971; Weinstein et al., 1980) . The WTP is defined therefore as the maximum amount of money a subject is willing to pay to reduce his risk of premature death or personal injury due to the practice of a risky activity; in our study case road traffic.
Two methods for estimating the willingness to pay coexist: the revealed preference methods and the stated preference methods. The first is based on the observation of the current behaviour of subjects in their daily activity, whether making consumption or investment, to infer the value to non-market goods.
Thus, the study of the individuals' behavior in the car market has helped to highlight the arbitration made by people between wealth and physical risk (Andersson, 2005; Andersson and Svensson, 2008; Atkinson and Halvorsen, 1990; Dreyfus and Viscusi, 1995) . The stated preference methods, in turn, differ from previous ones by their hypothetical character. There is no question of observing actions on existing markets but rather intentions of purchase or investment. These methods consist in exposing the agents to virtual scenarios in which the good assessed is subject to change.
The most common stated preference method in the literature is the technique of the contingent valuation. Respondents are asked the maximum amount of money they are willing to pay for a variation of the good of interest (Beattie et al., 1998; Carthy et al., 1998) . It is thus possible to directly obtain the value that subjects are willing to spend to improve their road safety level and determine, more broadly, the value they infer to a healthy life without injury.
The present study consists in the valuation of non-fatal injuries, more or less serious, caused by traffic accidents. More specifically, it is to estimate the willingness to pay of road users to reduce their risk of being victim of various types of non-fatal injuries. To do this, a contingent valuation has been conducted on the adult population of the Rhône (France) during the year 2012.
The aim of our approach is manifold. Firstly, we try to determine whether there is a relationship between the individual willingness to pay and the severity of the injuries. Secondly, we also test whether the willingness to pay depends on the level of risk reduction. Finally, we will study the socioeconomic factors that may be involved in the determination of the willingness to pay of road users.
The rest of the paper is organised as follows. The second section deals with the materials and methods used to conduct the study. The third section will provide an overview of the results. Finally, we will discuss the results in a fourth section, before concluding the study and its perspectives.
Material and methods

Participants
The population targeted in this study is the residents of the department of the Rhône. This population has been classified into two categories called "cases" and "controls". Members of the "cases" group are the inhabitants of the Rhône, aged 18 years and older, victims of a road accident that resulted in personal injury in 2010. Their population was randomly selected from the Rhône Road Trauma Registry
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. Individuals included in the "controls" group are the inhabitants of the Rhône, aged 18 years and older, not personally victims of a crash resulting in death or injury during or after the year 2010. Their selection was randomly made from the electoral lists of the Rhône, excluding the individuals present in the previous register for the year 2010. This double selection, "cases" and "controls", allows us to ensure that part of the studied population recently faced up to road traffic personal injuries (in 2010) and to test the assumption that the recent occurrence of a road traffic injury affects the willingness to pay of individuals to improve their road safety level. A total of 600 individuals in the group of "cases" and 1,792 individuals in the "controls" group were selected for a total sample of 2,392 subjects.
Procedure
The questionnaires were mailed by post. The study consisted more specifically in sending two sets of questionnaires: "Serie 1" and "Serie 2". In "Serie 1", subjects had the possibility to reduce their risk of experiencing various non-fatal types of injuries following a road accident by 25%. This reduction was fixed to 50% in "Serie 2" of the questionnaire. This approach allows us to test the participants 'sensitivity to the level of reduction of the risk accidents and to study whether their WTP to improve their road safety increases with this level. The literature has shown that the WTP remains invariant regardless of the level of improvement proposed (Beattie et al., 1998; Hammitt and Graham, 1999) . This insensitivity, apparently surprising, more commonly named scale bias, is explained by the difficulty of individuals to evaluate and distinguish small changes in risk (Carson et al., 2001) . A recent Swedish study showed that such a bias was more present among respondents with low cognitive ability to understand and distinguish the statement of low probabilities (Andersson and Svensson, 2008) .
In order to limit the emergence of scale bias in our study, additional information is given to the subjects. They are informed about the number of victims of various non-fatal types of injury each year in the Rhône department. They're also given, for each type of injury, the number of people saved if the risk of accidents was reduced by 25% or 50% (depending on the set of questionnaires they receive). This information allows the participants to concretely measure the consequences of the risk reduction and to better understand this notion of risk.
Apart from this change in the risk reduction of road accident (25% or 50%), the two sets of questionnaires are strictly identical. Within each of the two sub-samples "cases" and "controls", the two sets of questionnaires were randomly distributed in equal numbers among the participants. Each individual only received one set. 
Questionnaire Design
The questionnaire contains five categories of questions: (1) personal experience in dealing with road accidents, (2) driving behaviour and risk perception of traffic accident, (3) use of means of transport (4) general socio-economic characteristics, (5) willingness to pay of individuals to reduce the risk of non-fatal injuries following a road traffic accident. The content of each of these categories is explained in more details below.
(1) Personal experience of traffic accidents
We distinguish direct experiences, that is to say people personally injured after a road accident, from indirect ones through the family or their immediate circle.
(2) Behaviour on the road and perceived risk of accident We collect information on the behaviour of individuals as road users and the way they perceive the risk of road accidents. It includes determining how the individuals behave when facing the risk of accidents and how they assess their own risk of accident. This focus allows us to describe transport practices including mobility issues, the modes of transport the most frequently used by the individuals and the possible divergence of travel patterns between weekdays and weekends.
(4) General socio-economic characteristics
This section aims to gather general information on age, sex, place of residence, family and professional status of individuals, and thus to assess their socioeconomic status.
(5) Willingness to pay of individuals This part is the heart of the contingent valuation. It requires the establishment of a fictional scenario, however realistic and intelligible, from which individuals will be called to reason. Then, they will have to express how much they would be willing to pay to reduce their risk of experiencing various non-fatal types of injuries following a road accident. The level of the risk reduction depends on the set of questionnaires, which was assigned to the individuals ( Figure  1 ).
The participants have the possibility to financially contribute to the implementation of a local project, which aims to strengthen the safety of road users within the department of the Rhône. Since the participants are themselves inhabitants of the Rhône, they should feel immediately concerned by a project within their own department for their routine travels. An increase in local taxes in the department is used as means of payment. This increase would take the form of a special tax of a fixed amount to be paid once a year by the inhabitants for 3 years. The impact of a financial contribution on the participants' budget is also pointed out. This last remark aims to draw attention to the economic commitments arising from a possible contribution to the project and thus attempts to limit the presence of hypothetical bias (Harrison, 2006; Hofler and List, 2004) .
To test the possible relationship between the WTP and the severity of the injuries, three road safety projects are then independently presented to the respondents. Each project is characterized by the types of injuries against whom it protects. The respondent is also informed about his baseline risk of being a victim of each kind of injury.
The three projects presented to the subjects are as follows: (a) Project A reduces the risk of being a victim of a road accident causing minor injuries such as whiplash and psychosomatic disorders (memory loss, headaches, nightmares...), (b) Project B reduces the risk of being a victim of a traffic accident resulting in serious injuries such as paralysis or quadriplegia, (c) Project C reduces the risk of becoming a victim of a road accident resulting in moderate injuries such as thoracic fractures, orthopaedic and ligament injuries with motricity damage.
For each project, the respondents are asked whether they are ready to pay for the project to be implemented. If the subject agrees, we collect the maximum amount of money, in euros, he is willing to pay each year. Otherwise, we assign him a zero WTP and we introduce a follow-up question to determine the grounds for refusal. It allows us to distinguish "genuine zero values" consistent with economic decision from protest responses (Strazzera et al., 2003) . Respondents may genuinely place zero values on a project, through stating that they have no strong (nil or very small) preference for it or cannot afford to pay. Their responses are thus consistent with their preferences. In contrast, protest responses do not reflect individual preferences and have no economic significance (Jorgensen et al., 1999; Lindsey, 1994) . Protest responses can result from emotional and ethical concerns, as well as from social responsibility consideration (Jorgensen et al, 2000; Meyerhoff and Liebe, 2006) . They may reflect participants 'objection to being asked to fill questionnaires, or indicate an ideological position about the inappropriateness of placing monetary values on road safety. Consequently, protest individuals refuse to reveal their real WTP even though it is positive. In practice, seven grounds for refusal are proposed: (1) the project to me seems useless, (2) I do not have the financial means to contribute to the project, (3) I do not feel concerned by the subject, (4) it is not my responsibility to pay, (5) I don't have enough information to make a decision, (6) I do not want to pay for others (7) I don't know. The zero responses justified by the first three reasons are considered as "true zeros" while others are considered as protest responses. 
Econometric specifications
Multivariate econometric models were estimated to explore the possible determinants of WTP for a risk reduction of road traffic injuries (age, gender, household income, presence of young children within the household, experience of road accidents, level of accident risk reduction, severity of the injuries, perception of traffic accidents, pattern and main mode of transport during the week) and analyse the relation between the WTP and predictor variables. For example, since the economic theory suggests that income positively influences WTP values, a positive association between WTP and income was assessed to determine the construct validity of our survey.
Zero values should receive particular attention in this econometric analysis, as it is usually the case in the CV literature. Not only the individuals giving zero responses could represent an important proportion of the whole sample, but there was also a range of possible explanations for zero values, from true zero responses to protest responses. Consequently, we decomposed our econometric analysis of the individual behaviour in the decision-making process in two parts: first, the reasons for deciding to accept or not to pay to improve road safety and reduce the risk of injury (participation equation) and second, the decision on the amount of money the individuals are willing to pay for this risk reduction. A Logit regression is also first estimated for the dichotomous variable I, to examine the impact of the predictors on the probability of recording a positive WTP value: 
The second step is a Tobit regression on the natural logarithm of the dependent variable y since the WTP data observed were censored. The large proportion of zero WTP responses (see section Results) called into question the continuity of the dependent variable and consequently the use of the standard linear regression model. In the presence of censored data, OLS estimation would yield biased and inconsistent estimates because it fails to account for the qualitative difference between limit (zero) observations and non-limit (continuous) observations. The Tobit model is then the alternative method frequently proposed on the literature on contingent valuation (Donaldson et al., 1995) .
To take into account that zero WTP values include both "genuine zeros" and "protest responses", the logit and Tobit models were estimated in two different ways depending on the inclusion or exclusion of respondents judged as protesters.
Results
Sample characteristics
194 individuals agreed to participate and sent back the completed survey that is to say a response rate of about 10% (see Table 1 ). Note: The response rate is calculated by taking into account returns of mails because of erroneous addresses. The percentages of respondents in each category are given in parentheses. Table 2 presents the sample characteristics. The participants are mainly aged 45-64 years old (58%) and mainly declare to live within a household whose monthly net income is between 2 000 and 4 000 euros (45%). About a third of the participants (34%) declare to live within a household with at least two children under 18 against 19% for children under 14. Concerning their common trip, the majority of the individuals declare to travel mainly by car (53%). A great majority of the participants (72%) class the access to their place of work or studies as their main motive to travel. Few participants claim to have been indirectly confronted to a traffic accident during the last 12 months. Only 18% of them know a person of their immediate entourage who was hurt or killed in a road accident during the last 12 months. Concerning their apprehension of road accidents, 77% of the participants admit to being worried or terrified when talking about road accidents and declare that they take into account this feeling of insecurity in their current travels. Globally, theses tendencies remain stable between the "cases" and "controls" groups. It is worth noting that the participants belonging to the "cases" subsample show themselves to be more anxious in the evocation of road accidents than the "controls" group (94% against 74 %) and more often use a bike or a motorized two-wheelers as main mode of transportation (19% against 8%). 
Rate of contribution
Among the 194 participants, 118 persons declared not to be ready to financially contribute to the project A affecting the reduction of the risk of minor injuries and 116 participants refused to financially contribute to the project C aiming to reduce the risk of moderate injuries. This number of zero WTP falls to 89 if we consider the project B dealing with severe injuries. It is possible to refine the analysis by distinguishing "true zero responses" from "protest responses". The distribution of "true zeros" versus "protest zeros" is relatively stable between the projects B and C (with a rate of protest respectively equals to 73 % and 71 % among the participants who refuse to contribute to the projects). This proportion of protest responses falls (57%) when we consider the project A concerning minor injuries. We can also assume that the proportion of the individuals who refuse to contribute to the project A by real disinterest is more important than for other projects. A more detailed study of the motivations of no contribution confirms this reasoning. Whatever the project is, three causes of refusal arrive in head: "it is not my responsibility to pay", "I don't have enough information to make a decision" and "the project to me seems useless ". On the other hand, their hierarchy is different from one project to another. While the uselessness arrives in head for the project A with 31 % of the answers, it takes place in the third position for the projects C and B with respective scores of 23 % and 17 %.
For each project, figure 3 represents the refusal rate with and without the protesters. It is worth noting that the rates of refusal decrease with the severity of injuries. While the refusal rates, after exclusion of protesters, respectively reach 30 % and 39 % for moderate and minor injuries, this rate falls to 19 % when we consider severe injuries. Table 3 represents the average individual contributions to the various projects. Whatever the angle of view, there is no statistically significant difference between the average contributions to the projects A and C (P = 0,1651 for the positive contributions; P = 0,1826 for the contributions with protesters and P = 0,0668 for the contributions without protesters) while the average contributions to the project B are significantly higher (P=0,007 for the positive contributions, P<0,001 for the contributions with or without protesters). On average, an individual is ready to pay more to protect himself from the risk of severe injuries in comparison to minor and moderate ones. Table 4 presents the estimations results of the Logit and Tobit models (equations 1 and 2) estimated with and without protesters' answers. The high number of individuals refusing to pay for the projects (figure 3), and so having a zero WTP, confirms the censorship of the data and pleads for the use of a Tobit model.
Stated WTP values
The determinants of WTP
As expected, income is positively connected to the WTP in both Logit and Tobit models. The more the household income is high, the more the contribution probability is important and the more the amount of the contribution is high. The fact that this income effect was confirmed in our two models argued in favour of the construct validity of our survey. The determinants of the participants' contribution decision (model Logit) are globally similar to the factors occurring in the determination of the amount of the contribution (model Tobit) with the exception of the variable "main travel purpose". This variable is exclusively significant in the Logit model and so only seems to influence the individual decision of contribution. More specifically, the individuals who mainly travel for non-compelling reasons (shopping, leisure, visits, etc.) have a lower probability to agree to financially contribute to improve their level of road safety than the individuals mainly moving for compelling reasons (work, studies). On the other hand, this variable "main travel purpose" seems to have no significant impact on the amount of the WTP.
We can note that the exclusion of the protest answers doesn't consequently change the results. Whatever the model, the severity of injuries takes place as a decisive factor (significant at the 1 % level) in the individual contributions that it is about decisions of contribution or the declared amount of money. Indeed, the respondents show themselves more ready to financially invest in road safety measures when they protect them from severe injuries in comparison to minor and moderate ones. As an example, among the sample of the individuals considered as no protesters, a subject with the most collectively met characteristics (see table 2), has a predicted probability of 92 % to agree to financially contribute to the project B against 76 % and 84 % for the projects A and C respectively.
The accidental experience of the individuals, direct as indirect, has also a significant influence on the process of contribution. The probability to invest, as well as the amount of the investment, is more important when the individuals or their close relatives had already been hurt in a traffic accident in the recent past. A test of Wald performing after each of the Logit and Tobit regressions puts in light the similar impact of these two events on the process of contribution (P > 0,50): other things being equal, an individual who was hurt during a road accident has an identical probability of contribution and tends to declare a similar amount of money than an individual whose immediate entourage was recently injured in a road accident. Consequently, the WTP for a risk reduction of physical injuries does not exclusively depends on the fact of having personally been a victim of a traffic accident but also depends on the fact of knowing a person in a close circle recently hurt during a road accident. The way the individuals perceive traffic accidents, and more exactly their degree of anxiety, also seems to come into play in the decision of contribution but exclusively when the protest individuals are not removed from the models. Indeed, the individuals declaring themselves worried or terrified in the evocation of road accidents have a superior probability of contribution than the individuals who declare to be indifferent or of a little worry.
On the other hand, table 4 shows that the probability of contribution is independent from the level of risk reduction (P=0,762 and P=0,391 with and without protesters respectively). This remark also applies to the individual WTP which doesn't seem to be impacted by the level of risk (P=0,770 and P=0,547 with and without protesters respectively). In spite of the precautions we take to illustrate the consequences related to the different levels of risk reduction (25% or 50%), it seems to persist a scale bias, often pointed out in the literature. Moreover, the age and the main mode of transportation are not factors significantly influencing the WTP. These various groups would have, a priori, relatively similar preferences, any things being equal besides, in terms of improvement of road safety.
Independent Logit and Tobit regressions, for each of the three projects, were performed and allowed to specify certain results. For example, they highlighted that worried or terrified persons in front of road accidents seem to be more ready to invest in road safety projects but only if the project reduces the risks of heavy physical injury. Indeed, this variable of perception is not significant when we restrict our study to projects concerning minor or moderate injuries. Also, in our separate regressions, the positive influence of an injured immediate close circle on the WTP is well verified for the projects associated to the risks of moderate or severe injuries but is absent when talking about minor injuries.
Conclusion
The monetary quantification of profits associated with road safety measures was for a long time limited to the valuation of the number of avoided deaths. An important part of the literature focused on the estimation of the WTP for a reduction of the risk of fatal accident and on the calculation of the value or the price of the risk, more collectively named as "the value of a statistical life" (Hojman et al., 2005; Iraguen and Ortuzar, 2004; Rizzi and Ortuzar, 2003) . Numerous Swedish studies were also interested in the individual WTP for a total elimination of the risk of fatal accidents or severe wounds (Andersson, 2007 (Andersson, , 2008 Hultkrantz et al., 2006; Svensson and Johansson, 2010) , taking support on the famous concept of "Vision zero" which aims to achieve a highway system with no fatalities or serious injuries in road traffic.
Our study broaches this theme in a more general way than the previous works on French data which were limited to the specific population of the young drivers from 18 to 25 years old (Lahatte et al., 2006; Lassarre et al., 2005) . In these studies, the participants were asked to give their WTP to not experiment diverse consequences resulting from a road accident. An increasing relation between the level of WTP and the severity of the injuries likely to be avoided was revealing. Our study also distinguishes itself from that of Hensher et al. (2009) on Australian data which was more indirectly interested in this dimension of severity by using the method of discreet choices to reveal individual preferences (Louviere et al., 2000) . More exactly, in the paper of Hensher et al. (2009) , individuals were asked to choose among different choices of route for a particular trip. The attribute levels of each alternative (the probability of death or non-mortal physical wounds, the time of travel and the cost) vary according to a statistical design. The individual choices allowed to observe the making choices between different attribute level bundles and to estimate the WTP of the subjects for a reduction of their risk of fatal accident and not mortal injuries. The study showed that the average WTP is higher for mortal wounds than non-mortal ones. Moreover, a hierarchy in the levels of WTP is observed between the various levels of injuries severity: permanent injuries requiring hospitalization and engendering irreversible consequences present a WTP superior to major or minors injuries without impairment.
Our study tried to see if such conclusions were confirmed in the French context by using the declared preferences method as a technique of monetary valuation. We use more precisely the contingent valuation to estimate the value of a reduction of the risk of being victim of various types of non-mortal physical injuries following a road accident. We brought to light several phenomena. The most considerable one certainly remains the significant impact of the injuries severity on the WTP. This last one increases with the severity of the injuries likely to be incurred. The individuals are more ready to invest and grant to pay more important amounts of money to reduce their risk of heavy injuries in comparison to minor and moderate ones. These results follow on from previous studies and confirm the necessity to take into account the level of severity of injuries in studies of valuation of non-mortal consequences of traffic accidents.
The survey results also advance the strong influence of the individual accidental experience, that it is direct or indirect, on their WTP. The individuals having recently been victims of a road accident or whose close relatives has been hurt further to a road accident are more ready to invest to improve their road safety and reduce their risk of personal accident. This result strengthens the interest to lead casecontrol studies with inclusion of a damaged population. On the other hand, our study showed that the WTP tends to remain invariant regardless of the risk reduction (25 % or 50 % in our study). This confirms the presence of scale bias and the cognitive difficulty of the individuals to measure weak variations of risk (Carson et al., 2001; Hammitt and Graham, 1999) including when these are illustrated by concrete examples.
Regarding the apprehension of the individuals when facing road accidents, its effect on the contribution process remains ambiguous. The influence is present on the total sample of the participants but disappears after exclusion of the protesters. This dimension would deserve to be more developed during future studies. Indeed, studies on risk showed that people report making behavioural adaptations as a consequence of worry about accidents (Backer-Grondahl et al., 2009; Rundmo et al., 2011) . The individual relative anxiety in front of road traffic and road accidents influences their use of means of transport and their behaviour as road users. The anxious people show themselves more selective on the choice of their means of transportation and care more about their road safety. It can seem relevant to pursue the efforts realized in this direction and take into account this dimension in future analyses of sensibility in devices of road safety.
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